Objectives: To describe the frequencies and rates of mild traumatic brain injury (mTBI) emergency department (ED) visits, analyze the trend across the years, and compare sociodemographic characteristics of visits by mTBI type (ie, mTBI as the only injury, or present along with other injuries). Design: Population-based descriptive study using data from the Nationwide Emergency Department Sample (2006)(2007)(2008)(2009)(2010)(2011)(2012). Methods: Joinpoint regression was used to calculate the average annual percent changes of mTBI incidence rates. Characteristics between isolated and nonisolated visits were compared, and the odds ratios were reported. Results: The rate per 100 000 population of mTBI ED visits in the United States increased significantly from 569.4 (in 2006) to 807.9 (in 2012). The highest rates were observed in 0-to 4-year-olds, followed by male 15-to 24-year-olds and females 65 years and older; the lowest rates were among 45-to 64-year-olds. The majority (70%) of all visits were nonisolated and occurred more frequently in residents of metropolitan areas. Falls were the leading external cause. Most visits were privately insured or covered by Medicare/Medicaid, and the injury occurred on weekdays in predominantly metropolitan hospitals in the South region. Conclusions: The burden of mTBI in US EDs is high. Most mTBI ED visits present with other injuries. Awareness of sociodemographic factors associated with nonisolated mTBI may help improve diagnosis in US EDs. This information has implications for resource planning and mTBI screening in EDs.
costing the US economy an estimated $17 billion per year in 1995. 3 To our knowledge, no nationally representative data have been used to describe the epidemiology of mTBI treated in EDs in the United States with the specific purpose of comparing isolated and nonisolated mTBIs (ie, those presenting with concurrent injuries or comorbidities). Understanding the epidemiology and trends of mTBI treated in EDs may help design prevention and management strategies by targeting those at higher risk. This information could be useful for healthcare resource planning and may help improve patient outcomes. The purpose of this population-based descriptive study was to describe the frequencies and rates of mTBI ED visits, analyze the trend across the years, and compare sociodemographic characteristics of visits by mTBI type (ie, mTBI as the only injury, or present along with other injuries).
METHODS

Data source
The Nationwide Emergency Department Sample (NEDS), 13 part of the Healthcare Cost and Utilization Project (HCUP), managed by the US Agency for Healthcare Research and Quality, 1 was analyzed using data from January 1, 2006, through December 31, 2012 . The NEDS tracks information about ED visits across the United States and is the largest all-payer ED database available in the country, with data available beginning in 2006. Information includes geographic and patient characteristics and the nature of visits (eg, reasons for ED visits, acute and chronic conditions, and injuries). The NEDS was constructed using the HCUP State Emergency Department Databases and the State Inpatient Databases. The State Emergency Department Databases capture discharge information on ED visits that do not result in an admission (ie, treat-and-release visits and transfers to another hospital). The State Inpatient Databases contain information on patients initially seen in the ED and then admitted to the same hospital. The NEDS is a nationally representative sample consisting of 25 million to 31 million visits from more than 950 hospitals each year, representing a 20% stratified sample of EDs.
Unit of analysis
Because the NEDS data do not contain individual identifiers, it is possible that multiple visits per patient (possibly for the same or different injury events) may be included in the NEDS and counted more than once. There are not sufficient identifying data to ensure only 1 visit per patient. Therefore, the unit of analysis is the ED visit, not a person or patient. The numerator for the rates is the number of ED visits. Denominator data for rates were based on US bridged-race population estimates of the resident population released and maintained by the Centers for Disease Control and Prevention (CDC) for individual years.
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Variables
Sociodemographic variables included the following 15 : sex (male, female, or unknown); age categories (0-4, 5-14, 15-24, 25-44, 45-64, ≥65 or unknown); and external cause of injury (motor vehicle traffic [MVT] , falls, assault, struck by/against an object, other, or unknown). MVT injury includes external cause of the injury for the occupant, motorcyclist, pedal cyclist, pedestrian, or other and unspecified person involved in an MVT incident. Up to 4 external cause-of-injury codes (E-codes) could be recorded per ED visit in the NEDS. The first-listed valid E-code was used to classify the external cause of injury; however, the first-listed E-code is not necessarily the principal cause of injury. Residence was categorized as metropolitan statistical area (MSA), non-MSA, or unknown. MSA included both large (≥1 million residents) and small metropolitan (<1 million residents) areas. Non-MSA referred to micropolitan (at least 10 000 residents) and nonurban residual areas. Community-level income quartiles were as follows: (1) $1-$40 999; (2) $41 000-$50 999; (3) $51 000-$66 999; (4) $67 000 or more; or unknown. Primary payers were Medicare/Medicaid, private, self-pay, no charge/other, or unknown. Other included Worker's Compensation, Tricare (formerly known as the Civilian Health and Medical Program of the Uniformed Services [CHAMPUS]), Civilian Health and Medical Program of Veteran Affairs (CHAMPVA), Title V, and other government programs. ED admission day was categorized as weekend (Saturday-Sunday), weekday (Monday-Friday), or unknown. Teaching status of the hospital was categorized as metropolitan nonteaching, metropolitan teaching, and nonmetropolitan hospital. Nonmetropolitan hospitals were not split according to teaching status, because rural teaching hospitals are rare. Finally, hospital region was defined as Northeast, Midwest, South, or West.
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E39 fracture), 850.0, 850.1, 850.5, 850.9 (concussion), 854.0 (intracranial injury, unspecified), and 959.01 (head injury, unspecified). Records with both mild and severe (not mild) TBI diagnoses were excluded. mTBI ED visits comprised all isolated and nonisolated mTBI ED visits, defined as the following:
1. Isolated mTBI: Records containing 1 or more mTBI ICD-9-CM codes in any of the NEDS' diagnosis fields. 16 Excluded were records containing nonmTBI injury or comorbidity-related ICD-9-CM codes (eg, diabetes mellitus). 18 2. Nonisolated mTBI: Records containing 1 or more ICD-9-CM codes indicative of mTBI, comorbidities, and/or any other concurrent non-TBI injury treated during the same ED visit in any of the NEDS' diagnosis fields. This included, for example, a record containing an mTBI and a concurrent leg fracture and/or diabetes mellitus.
Statistical analysis
For the first objective, frequencies and rates with 95% confidence intervals (CIs) were used to describe the occurrence of mTBI by year, sex, and age group. The HCUP discharge weight variable was used to produce nationwide, visits-level statistics. Joinpoint regression software 19 was used to calculate the average annual percent changes (AAPCs) of mTBI incidence rates by selected characteristics during 2006-2012. AAPCs were considered significantly different from zero for P values less than .05. For the second objective, counts and percentages (95% CI) were used to describe the sociodemographic characteristics of mTBI ED visits. The χ 2 test was used to compare the frequencies of these characteristics between isolated and nonisolated mTBI ED visits, and the odds ratios (OR) and 95% CIs were reported. Statistical significance was set at α < .05. All statistical analyses were performed using SAS (version 9.3; SAS Institute Inc, Cary, North Carolina).
RESULTS
The overall rate per 100 000 population of mTBI ED visits in the United States significantly increased from 569.4 (N = 1 699 204) in 2006 to 807.9 (N = 2 535 877) in 2012, with an AAPC of 7.0% (95% CI, 5.0-9.0; P = .0002) (see Table 1 ). Significant average annual increases were observed for both males (AAPC, 5.6%; 95% CI, 4.1-7.2; P = .0002) and females (AAPC, 8.7%; 95% CI, 6.1-11.4; P = .0003) (see Table 1 and Figure 1 ). Between 2006 and 2012, the AAPCs significantly increased in every age group (all Ps < .02). The age groups with the highest average annual rates of mTBI ED visits were 0-to 4-year-olds (1417.7; 95% CI, 1331.0-1504.4) and 15-to 24-year-olds (966.2; 95% CI, 924.6-1007.9); in contrast, 45-64-year-olds had the lowest average annual rate (417.2; 95% CI, 398.9-435.5) (see Table 1 and Figure 2 ). Taking into account both age group and sex, the highest average annual rates of mTBI ED visits were observed in male 0-to 4-year-olds (1592.8; 95% CI, 1494.7-1690.8), female 0-to 4-year-olds (1234.8; 95% CI, 1159.6-1309.9), male 15-to 24-year-olds (1127.4; 95% CI, 1079.6-1175.2), and females 65 years or older (1005.0; 95% CI, 958.5-1051.6).
Overall, males had a significantly higher rate of mTBI ED visits than females (760.9, 95% CI, 729.4-792.5 vs 622.6, 95% CI, 596.6-648.5; P < .0001). This pattern was observed in all age groups except among those aged 65 years or older where females had a significantly higher rate than males (1005.0, 95% CI, 958.5-1051.6 vs 712.3, 95% CI, 679.5-745.1; P < .0001).
In total, during 2006-2012, the majority of mTBI ED visits comprised nonisolated mTBIs (N = 1 474 413; 69.6%). The aggregated annual average frequencies and percentages of mTBI ED visits, by mTBI type, and selected sociodemographic characteristics are reported in Table 2 .
Sex
Compared with females, males had a 4.0% lower odds of an ED visit for an isolated versus nonisolated mTBI (OR = 0.960; 95% CI, 0.950-0.971; P < .0001).
Age
Compared with 45-to 64-year-olds, all younger age groups had a significantly higher odds of an ED visit for an isolated versus nonisolated mTBI (all Ps < .0001). The younger the age, the higher the odds of having an isolated mTBI ED visit; for example, 0-to 4-yearolds had a nearly 7-fold increased odds of an isolated versus nonisolated mTBI ED visit compared with 45-to 64-year-olds (OR = 6.766; 95% CI, 6.479-7.067). In contrast, persons 65 years or older had a 44.8% lower odds of having an isolated versus nonisolated mTBI ED visit compared with 45-to 64-year-olds (OR = 0.552; 95% CI, 0.538-0.566).
External cause of injury
Falls were the most common external cause of injury for all mTBI ED visits (44.2%). Compared with mTBI by assault as a reference, those injured by other external mechanisms had a significantly higher odds of ED visits for sustaining an isolated versus nonisolated mTBI. These mechanisms include struck by/against (OR = 4.182; 95% CI, 4.064-4.304; P < .0001) and falls (OR = 2.096; 95% CI, 2.03-2.164; P < .0001). The relative standard error was more than 30% or the standard error = 0, the value of the estimate was reported, but considered unreliable.
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Income
The frequency of mTBI ED visits was similar in all community-level income quartiles. However, persons in the lowest quartiles were significantly less likely to have an isolated versus nonisolated mTBI ED visit (all Ps < .0001). For example, compared with those in the highest-income quartile, those in the lowest quartile had a significantly 21.7% lower odds of ED visits for sustaining an isolated versus nonisolated mTBI (OR = 0.783; 95% CI, 0.741-0.827).
Primary payer
The majority of mTBI ED visits were privately insured (41.3%). Compared with those with private insurance, those with other types of insurance or no insurance had a significantly lower odds of having isolated versus nonisolated mTBI ED visits (all Ps < .001). For instance, those with Medicare or Medicaid had a 39.1% lower odds of ED visits for sustaining an isolated versus nonisolated mTBI (OR = 0.609; 95% CI, 0.590-0.629).
Nonisolated mTBI ED visits were also associated with living in nonmetropolitan areas (vs metropolitan), injury on weekend days (vs week days), presentation to nonteaching hospitals (vs teaching hospitals), and presentation to hospitals in the South region.
DISCUSSION
On average, we found that the mTBI ED visit rates in the United States increased significantly from 2006 to 2012 for both males and females in all age groups. The highest average annual rates of mTBI ED visits were observed in male and female 0-to 4-year-olds, followed by male 15-to 24-year-olds, and females 65 years or older.
We also found that approximately 70% of all mTBI ED visits were nonisolated. Associated sociodemographic factors were as follows: male sex; older patients (≥65 years); those injured by assault; nonmetropolitan residence; low community-level income; nonprivate insurance; weekend ED admission day; and presentation to a nonteaching hospital and to a hospital located in the South region.
Our findings agree with those of Marin et al, 20 who found that the rate of all TBI ED visits in the United States increased significantly from 2006 and 2010, with the rate being higher for males compared with females. We used narrower age categories and also broke down each age category by sex, finding that females had a higher rate in the 65 years or older age group. One possible explanation from the literature is that fall-related injuries disproportionately affect the health and quality of life of older women. 21 Other studies suggest this could be due to lower physical activity and reduced lower body strength in older women compared with older men, 22 as well as reduced bone mass in older women. 21, 23 Marin et al 20 found that children younger than 3 years and adults older than 60 years had the largest increase in TBI rates. Our results differed somewhat and are likely due to our use of narrower age categories in combination with sex. We observed the highest average annual rates of mTBI ED visits among male and female 0-to 4-year-olds, followed by male 15-to 24-year-olds, and females 65 years or older. While we found that falls are the most common external cause of mTBI ED visits for all age groups, particularly in 0-to 4-year-olds and those 65 years or older, the literature suggests that 15-to 24-yearolds are also commonly afflicted by assault and MVT injury. 24 This is especially the case for males who are presumably engaged in more risk-taking behavior than females. 25 We found that 70% of mTBI ED visits were nonisolated (ie, occurred with other injury or comorbidity). Similarly, Marin et al 20 found that 40% of TBI visits had at least 1 other injury, including wounds of the head, neck, or trunk; sprains and strains; and fractures.
Marin et al 20 further indicated that the TBI ED visit rate was 8-fold more than the rate of increase of total ED visits during the same 2006-2010 period. We agree 
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with their proposed explanation-that the increased rate of TBI ED visits may be related to increased TBI exposure, awareness, diagnoses, or a combination. Practice patterns and a lack of alternatives for care may also be contributing to increasing ED visits. For example, people may be unable to easily access primary care at certain times. The fact that more patients with mTBIs are presenting to US. EDs 20 underscores the importance of appropriate resource planning and patient management for mTBI in EDs.
The literature suggests that many mTBIs are underdiagnosed in US. ED settings. [26] [27] [28] Thus, our estimates of isolated and nonisolated mTBI ED visits in the United States may be lower than the true estimates, especially for nonisolated mTBI, because it may be more likely to be missed when the head injury is not the presenting concern. On the contrary, some mTBI visits may be captured in the ED because it is other injuries that bring them into the ED and not specifically the mTBI. We do not know how undiagnosed mTBI ED visits differ from those that are diagnosed, and there are likely many factors involved (eg, busy ED nurses and physicians, lack of resources or tools to screen for mTBI, lack of incentive to document mTBI if not relevant for reimbursement, and concurrent presenting injuries or illnesses). Nonetheless, previous studies have stressed the importance of improving the recognition of mTBI in EDs to provide timely and appropriate patient management and follow-up and, ultimately, improve patient outcomes. 2, 29 Our findings support this research, suggesting that ED physicians should have a higher index of suspicion of mTBI in patients with other injuries.
Certain sociodemographic factors, namely, male sex, lower socioeconomic status (ie, lower community-level income), and older age, may be associated with nonisolated mTBI for the following reasons. Other literature suggests that males, especially adolescents and young adults, have higher rates of injury-related visits to EDs in the United States than females. 30, 31 This may be due, in part, to presumed increased risk-taking behavior, participation in contact sports such as American football, and alcohol consumption. Explanations from other studies suggest that alcohol consumption is associated with physical assault, falls, and MVT injury, and these mechanisms increase the odds of concomitant injuries. 32 Increased alcohol consumption and physical assault may also be more prominent among individuals with lower socioeconomic status. According to other studies, socioeconomic status is an important determinant of injury, for example, blue-collar workers were found to be at a significantly increased odds of nonfatal injury compared with white-collar workers. 33 Finally, other literature suggests that older adults (≥65 years) have higher rates of comorbidities, which may lead to falls, 30 and thus multiple injuries including mTBI.
Limitations
This study has at least 4 limitations. First, we may have overestimated the numbers and rates of mTBI ED visits, due to both coding issues and differences in coding practices, and the unit of analysis being the ED visit. It has been suggested that identifying mTBI cases using the CDC-recommended ICD-9-CM codes is relatively inaccurate (sensitivity 45.9% [95% CI, 41.3-50.2]; specificity 97.8% [95% CI, 97.6-97.9]). 34 Specifically, code 959.01 (unspecified head injury), which accounts for approximately 60% of all mTBI ED visit codes, 20 is associated with a high number of false-positives. In our study, approximately 68% of mTBI ED visits were coded with 959.01; 67% of visits had only this code. Moreover, those with multiple injuries make up the majority of the patients with false-positive assignment of codes. 34 When we recalculated our findings without using code 959.01, most of our observed trends remained. The main difference was that the highest average annual rates of mTBI ED visits were found in male 15-to 24-year-olds, followed by male 5-to 14-year-olds, and female 15-to 24-year-olds. This suggests that mTBI may be more difficult to diagnose in the very young and older age groups. An overestimation of ED visits was also possible, given that the unit of analysis was the ED visit; thus, multiple visits per patient may have been included in the NEDS. Despite these limitations, it is important to note that all of the codes in the CDC definition, including 959.01, contributed to the prediction of mTBI. 34 Moreover, code 959.01 is also associated with a high number of false-negatives, 34 the CDC-recommended codes have low sensitivity, 34 and a substantial proportion of mTBIs still do not result in any medical consultation at all. 1 Thus, we used the CDC-recommended codes to identify mTBI because these codes are widely used in the literature. Until future algorithms for identifying mTBI using administrative data are developed, we feel that it was appropriate to use these codes so that our results are comparable with other studies in this area. 16, 20, 35 The second limitation is the potential for the misclassification of isolated and nonisolated mTBIs, which is also related to coding issues. For example, it is plausible that some isolated mTBI ED visits identified were simply due to coders "missing" a concurrent injury International Classification of Diseases (ICD) code. Similarly, more diligent coders or those more familiar with the ICD system may have been inclined to insert additional ICD codes, resulting in nonisolated mTBI ED visits. In addition, the absence of identifiers in the NEDS precluded us from determining the extent to which a patient enters the ED with an isolated mTBI and is then readmitted with a nonisolated mTBI, for example. Such identifiers in the data source would have allowed us to eliminate these cases from the isolated mTBI group, as Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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comorbid conditions may readily have been missed during the initial admission. Third, given that many mTBIs still go undiagnosed in EDs, 36 it is likely that those that are detected are potentially systematically different than those that are not. This may have biased our findings, leading us to over-or underestimate the rates of mTBI ED visits or distort the associations between sociodemographic factors and nonisolated mTBI. Finally, our study is limited by not having data on visits to federal hospitals or on patients who died before arriving at the ED. While our findings should be interpreted with caution, we have used the best available data and methods to capture isolated and nonisolated mTBI ED visits and we feel that a strength of our study is to highlight the urgent need for better diagnosis and classification of mTBI in US EDs.
CONCLUSIONS
The rate of mTBI ED visits in the United States increased significantly from 2006 to 2012, and the majority of these visits were for nonisolated mTBIs. It is likely that many mTBIs, especially nonisolated, remain largely undiagnosed in US EDs, and we presented a number of associated sociodemographic factors that may facilitate their detection. This information has implications for ED resource planning, as well as for mTBI education and screening processes in EDs, especially in nonteaching hospitals located in the South.
This information also has implications for primary prevention. For instance, for the groups with the highest average annual rates of mTBI ED visits (0-to 4-year-olds, male 15-to 25-year-olds, and females 65 years or older), increased primary prevention efforts could be directed toward preventing shaken baby syndrome (a form of abusive head trauma and inflicted TBI), 36 falls, 37 comorbidities (eg, hypertension and diabetes mellitus), and MVT incidents, especially in nonmetropolitan residences. Finally, these data have implications for governmentsponsored healthcare programs that cover seniors aged 65 years and older, certain disabled individuals (ie, Medicare), and low-income individuals (ie, Medicaid), all of whom may be more exposed to mTBI, and nonisolated mTBI in particular. Concurrent injuries and illnesses could complicate or delay recovery of mTBI, potentially leading to more costly ED visits and number of ED visits, not to mention higher healthcare system costs altogether.
Our findings highlight the need for future research to develop accurate algorithms for identifying and coding mTBIs and comorbid conditions in the ED. Future research should also assess the use of EDs versus other healthcare settings for mTBI.
